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Rcsidua] gas analyzers (RGA) arc comTmnly usd to meawrc the composili~n  of r~sidtlal Cases in thcrll~al-
vacuum test chambers. Measurcmcmts  from I<GA’s  are often used to ictcntify  and quantify ou t~assing  contan~i-
nants frc)rn a test article during thermal-vacuum testinc. IWA data is typically ctisplaycct  as snapshots in time,
showinfi  instantaneous concentrations of ions from ionized  residual ~~s molcculcs at different atomic masses.
‘I”his  ion concentration infcmnation  can be-intcrprctccl  to be rcprcscnta  tive of [he co~nposition  of tile  rcsklt]iil  ~as
in the chamber at the instant of analysis. Typically, test personnel arc most interested in trackins  the time
history of chan~es in the composition of chamber residual Gas to clctmlninc the relative clmnlirwss and the
clean-up rate of the test arlick’  under vacuum. } lowcwcv-,  displays of instantaneous I<C;A data can’t provide test
persormcl with the preferred time history informatic)l~. In orclcr (c1 gain an understanding of gas composition
trends, a series of plots of individual data snapshots must be analymd. ~’his  analysis is cunlbcrsonw  and still
cjms not provide a very satisfactory view of residual ~as cc)mpositic)n  trends. A nwthod was devised by the
authors to present RC; A data in a three-axis format, plottilip,  Atomic Mass [Jnit  (A MU), Ion C:cmccntration  as a
functiori  of AMLJ, and ~’imc,  to provide a clear gta~~hic  visualizatiorl of trends in gas ccmmntration cha~~~m and
to initiate a valuable analytical tool to interpret test article out~assirl.g  rates during  thcvmal  vacuum tests.

Raw RGA data was extracted from a delimited ASCII format and then manually converted to a comlnon sprcacf -
shmt  fcmmat.  C.onscquent]y,  using the 3-IJ plc)ttins  functionality providccl  by the sprcactshcet  pro~ram,  3-1>
plols were produced. After devisinfi the data fcmna I co]lvcrsion procms, the authors be~an  developing a
pro~ram  to provide real-time 3-D plc)tting  of RC;A data. “1’hc  intc;lt of this prc)~ran~  is to a~ltcrmatc  the RGA
data acquisition process and to generate ~1~>-tc)-the-r~~il~~ltc~ time history 3-1)  displays of stored I{GA data
(development of this program was not ccmplete  at the time of this writins). ‘1’his paper prc)victes  a bri~f
description of the data format conversion prc)cess  alvd presents results from a recent test tc) illustrate the
usefulness of this 3-1)  RGA data plotting technique.

1 N’1’1{01 IUCI’1ON

An R(;A is an instrmmnt used in nearly every major thcrlnal vacuum  test that is conducted at ]1’1,  as well as at
]nany c)ther  space simulation facilities. ‘1’hc RGA solsor,  wllic}l  is exposed to tile chamber vaclluln cnviromnent,
ionims  some of the ~as molecules in a salnp]c, separates  lIIC resllltallt ions iflto their rcspcctivc  masses (m
atomic mass units, AM LJ), and rncasurcs and displays tl~c ion concmtration  at each mass. RC; A data is LISNi to

track the residual ~as composition in a vacuum cllarnbcr  as a test pto~,rcsscs. l~isplcryed  RC; A data provides the
Opcratic)ns  pcrsonnc] important information which }iclps  tlwln to ctctcwninc  tlm effectiveness cm completion Of a
bakcwut of a test article, to detect the presence c)f a small leak in the chali~bcr,  c)r tc) assess the composition of
molecular components which are outgassing from a test article cJuril)~  a test.

} lc)wcvm,  the RCA’S which arc used at ]1’1, provide only sc’quential 511apShOts, onc at a time, of tlw ion
concentration over a ranxe  of AM Us. } listoricall  y, J1’I.  tl~crll~al-vac~l~lrl~  test operators have prograrnnwd  t}~e
RC~AS  to pril]t  a copy of the display to collect printed resict~lal  ~as composition clata nolninal]y once each hour.
At the end of the test, there is a stack of cmnputcr  paper prcsm~till~  a series of plots which, while providinc  the
desired residual gas composition data, yields tl~e data in a forlnat that is wry cllrnbcrso]w  to interpret.

~’hc RGA data presentation method dcscribcd in this paper was dmwlopcd  at the ]ct l’repulsion laboratory, Califorl~ia Institute
of Icchnology, under a contract with the Naticmal  Amonaotics  and Space Aclnlinistration.



‘J’hc  au thcrrs sou~ht a bet tcr way to present RC;A data .s0 that interpretation would be made more convenient. As
a result, the authors cJevclopect  a method for presenting the RGA c]ata itl a fc)rlnat which WOUIC1  clearly
illustrate the time rates of chanxe of quantities of il~dividual  mass constituents. in this paper,  several 3-D
plots are prmcmted  which show how this method can bc USN] effectively to interpret outgassing  responses to
various test events. ‘1’hcsc plots have been generated fmm RGA data from a single bakeout test. Standard RGA
printouts are akm prcscmted as a reference for comparison with 3-I) lJ]ots  containing the same data.

MIil’}101)  l)l;SCKIYTIC)N

‘l’he RGA system transmits its periodic sampling and analysis data from its sensor head to a computer whcm
the transmitted signals arc mnvcrtcd  to aastring of delimited AS<ll-forn)atted  IIumbcrs.  The delimited ASCII-
formattcd  numbers can be saved to a text file cm the cc)mputcr,  in tilnc-sliced  increments, for later analysis. ‘J’he
RGA software LISCS  these numbers to dcvclc)p  a variety of analytical data displays which can be viewed cm the
computer’s monitor screen. Amonc  three formats is a data disj]lay where the monitor screen shows ion
concentration as a function of AMU. Whcm a particular test has been cc)mplrted,  data from the ASC1l text file
format can be extracted and loaded into a spreadsheet format. l’hc 3-I> plottins  functions from the sprcadshmt
pro~ram  can then be used to generate 3-1) plots of tile  data. ‘1’his  simple technique yields dramatic results as
will be .scen in the figures prescmkd in the example belc)w.

I;XAM[’1,1{  I[,I,LJSI”J{ATING  US1{ OF Tl Ili 3-1) I{C;A  I}A2’A  l’l O1-J’JNG MJ:J”}I[)I)

I:igures 1, 2, and 3 present three sequential hourly printc)uts  in tlw icm ccmcentraticm  vs. AMU display fcmnat.
“l”hme printouts arc actual data taken from a test  involvins  tlic  bakcclut of a material which was subscqllcntly
used as part of the sun shade for the test set-up for tlw Mars l’athfinder  cruise stage solar thermal vacuum test
(M1’1~-Sl’V-l  ). Review of fi~urcs 1 and 2 reveals that tllcrc is an apparent si~l~ificant  ctif[ercmcc bet weml the
residual gas composition at 05:07 and that at 06:08  on 3/20/96, 1 ]owever, a review c)f figures 2 and 3 shows that
between 06:08 and 07:08, the residual  ,gas composition returned to apprc)ximately  the salnc values that were
measured at 5:07. ‘J’hesc  hour]y RGA data printouts do not provide an intuitive understanding of what may
have happened during this two hour test period. For instance, pcrllaps tllc 7:08 data ~nay have been caused by
a temporary spurious RCA ancnnal  y. Further in fc)rmat  ion is needed tc) mc)re  fully understand this RGA data.

l:igure 4 presents a plc~t of the temperature of the sun shacle  (blanket) lnatcrial throughout the full duralim  of
the test. A GN2 blower seal failure occurred at about 13:00 on 3/18  and the shroud heating was irnliwcliately
stopped until tltc  blower seal was fixed. I\y 06:30 cm 3/19  the blower seal had been fixed and by 08:00 the
balceout  temperature of 140°C was achieved. ‘J”cmpcrature  collttc)l  at 140”C was stable until about 05:30 on 3/20
when t}w shroud tc~~~~>crattlrc-col~  trc)llcr  hish  heat switch sot  stuck in the on position for no apparc’nt  reason.
‘J ‘Jw c)pcra  tor on duty cycled the heater switch c~n and c)ff several times until the hi@~ heat switch finally went
off and the tcll~]~crat~lre-  co~~trc)llcr  bc,gan to control shroud tcvnperaturc properly c)nce a~ain. Since this bakcout
test had been devised quickly,  and since nc) flig]lt  llarclware  was invc]lvccl, no c)vcrlempera t ure failsafe
protection had been specified or installed. So, when the high heat switch ~ot stuck in the on positic)n,  the
tcmpcrat  urc cent inucd to rise quick]  y until the operatc)r was successful in switching it off. ] t can be seen that at
the time the 6:08 I<(;A data snapshot printout was taken,  the shToL]cl ten~]]craturcs  were near the hi~ll tmnpcr-
ature pc)int.  Certainly then,  the I<(;A data printout at 6:08 dicl Sive indications c)f actual rcsiclual  gas
colnpositions  which were significantly different than those froxn clata taken ()]ie hour earlier.

Ii~ure  5 shows a 3-11 plot of hourly RGA data taken over tile c~ltire duration of this test. ‘1’his plot ~ives a
cc~mplctc  c)vcrvicw of the various residual Sas colnpositions  throufihout  the test. A review of the period
follc)winc  the purnpclc)wll  indicates clearly that tllc water contcvlt  (AM tJ= 18) cluickly  drops tc) a low value.
Also, the be$illning  c)f the bakeout  is clearly evidenced by a water  spike at abc)ut  08:00 C)II  3/19. ‘1’hc water
content then rc’cecles  as the bakec)ut  continues, un(il at about 05:30011 3/20  another water spike appears. “J’his
additional water spike is a pc)int c)f il]terest  and warlants  a closer Ioc)k. Since the data which generated this



plot is available in a sprcadshcct  forlnatj  a smaller data salnple, at this point of interest, may yield insi~hts
into details of the test at that time.

l’i?,urc 6 shows a 3-1) plot c)f hcmrrly  RGA data takcm over the lnornins  hours of 3/20. ‘1’his plot very dranla-
tically  illustrates a series of steeple-like spikes occurring throughout the 1 to 200 AMU range during  the 06:00
time period. ~’his plot also gives the viewer a good gcl~cml undcrstanclins  of the effect that the overten~p-
crature  condition had on the gas compc)sitio~~  inside the chambm.

Figure 7 is a plot of yet a smaller data sample. 3’lw figure 7 plot shows data from the same tilnc period as that
in fi~urc  6, but only for mass values in the 1 to 100 AMU ranse. ‘l’he fi~urc 8 plot stretches out the detail of
fi~ure 6 to present the viewer with a )norc clctailcct  700)11 of the ]c)wcr  mass ran~e. I ikcwise,  figure 8 shows a
detailed zoom of the 100-150 AMU range for the satnc time period as figure 6. } lowcver, the mass composition
scale in figure 8 is different than  that of figure 6, ~~rovidinfi  the viewer even additional insight into the
out~assing of the higher AMU constituents during the o~~er[ell~j>c>rat{lre period.

GRANUI,ARITY  C)]’ RGA lIAI’A

“J’he  software ]1’1, uscs to acquire and display RGA data provides fc)r scan rates as frequent as cmce every 20
seconds  or aS slow as once  every 2 minutes. l’he slower scan r<] tes tend to yield a better, more accurate samplin~
t hrou@out  the scanrwd AM lJ range. “J”hc data storace ra tcs can be set at a maximum frequency c)f once each scan
to some lower frequmcy. By selecting a more frequcrlt  data storase  rate, RGA plc)ts  with finer time scale
granularity can be generated. I Iowevcr,  the scatl  and data storage rates cannot be chanfiecl  without first
stopping the data storage function in the k!GA software. W}wn tlw data storage f~lnction  is stopped, a new data
file must bc generated for each change in data storage rates. Onc thing to kcwp in mind whm tempted to change
the data stc~ra~e rate is that cllronolosical  data files with incml~ruent  data stora~e rates are more difficult to
append and plot than data files with uniform stc)ra Ce rates. ‘1’l]erefore,  it is advisable tc) select c)nc data
stora8e rate’ at the be~inning  of the test and stick with it throuSlmut  the test. Also keep in mind that more
fr~qucmt data stc)ra~c rates yield hi~hcr R(;A data ~rar~ulatity  but more data does require a IarSer hard drive
storafie  volunle  and rnorc conqm tcr nurnbcr  crulwlling  capability.

CONC1,LJSIC)NS

A method for the presentat  ion of RGA in a useful 3-1) format has been devised and has [mm clelnolist  r:itcd  to bc
helpful in casing the interpretation of RGA data. “l’he authors arc developing a method  to automate the
generation of real-time 3-1) R(;A data plots for display on a rnonitc)r  screen. ‘l’his method will provide
c)pcrator-s  and test personnel a much better too] than is now available fcm the display and analysis of RGA data
trends. It is the authors’ intent is to have this automated systcrn  o~mratin~,  by 1 /97.
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Figure 5. A S D RGA I’lot made from L)ata  Collected Over the Full L)uratiol\  of the Sunshade E3akeout  1 est
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